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(57) A superconductive magnetic bearing 22 com-
prises a stationary bearing portion 23 having an annular
superconductor unit 26 provided on a fixed portion 20,
and a rotatable bearing portion 24 having annular per-
manent magnet units 28, 29 provided on a rotary portion
21 so as to be opposed to the superconductor unit 26.
The rotary portion 21 is contactlessly supported relative
to the fixed portion 20 by the pinning effect of a super-
conductor constituting the superconductor unit 26. The
permanent magnet units 28, 29 each comprise a plural-
ity of permanent magnet members arranged in super-
posed layers with an insulating layer provided between
each adjacent pair of magnet members.
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Description
TECHNICAL FIELD

[0001] The present invention relates to superconduc-
tive magnetic bearings wherein a rotatable portion is
contactlessly supported relative to a stationary portion
utilizing the pinning effect of a superconductor of the
second kind.

BACKGROUND ART

[0002] Superconductive magnetic bearings of the
type mentioned and already known include those com-
prising a stationary bearing portion having an annular
superconductor unit provided on a stationary portion,
and a rotatable bearing portion having an annular per-
manent magnet unit provided on a rotatable portion so
as to be opposed to the superconductor unit. Such su-
perconductive magnetic bearings further include super-
conductive magnetic bearings of the radial type wherein
the two bearing portions are opposed radially of the
bearing, and those of the axial type wherein the two
bearing portions are opposed axially of the bearing.
[0003] FIG. 1 shows an example of conventional su-
perconductive magnetic bearing of the radial type.
[0004] Withreferenceto FIG. 1, indicatedat 1 is a sta-
tionary portion in the form of a shaft, and at 2 a rotatable
portion in the form of a hollow cylinder and rotatable
around the stationary portion 1. The stationary portion
1 is provided with a stationary bearing portion 3, and the
rotatable portion 2 with a rotatable bearing portion 4.
[0005] The stationary bearing portion 3 has a super-
conductor unit 5 in the form of a hollow cylinder. As
shown in FIG. 2, the superconductor unit 5 comprises a
plurality of superconductor bulks 6 in the form of circum-
ferentially divided segments of a hollow cylinder. Each
of the superconductor bulks 6 comprises a supercon-
ductor of the second kind having fine normally conduc-
tive particles uniformly incorporated therewith. The su-
perconductor bulks 6 are cooled as with liquid nitrogen.
[0006] The rotatable bearing portion 4 has two hollow
cylindrical permanent magnet units 7, 8 arranged side
by side axially of the bearing, and three annular yokes
9 of magnetic material arranged between the adjacent
endfaces of the two magnet units 7, 8 and over the other
end faces thereof. Although not shown in detail, each
permanent magnet units 7 (8) comprises a plurality of
permanent magnet bulks 10 (11) in the form of circum-
ferentially divided segments of a hollow cylinder. The
permanent magnet units 7, 8 each have magnetic poles
at axial (upward and downward) opposite ends thereof.
The adjacent ends of the two permanent magnet units
7, 8 have the same polarity. In this case, the upper unit
7 has an N pole at its upper end and an S pole at its
lower end, and the lower unit 8 has an S pole at its upper
end and an N pole at its lower end.

[0007] The upper permanent magnet unit 7 sets up a
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magneticfield indicated by an arrow A in FIG. 1 between
the magnet unit 7 and the upper portion of the super-
conductor unit5. Similarly, the lower permanent magnet
unit 8 sets up a magnetic field indicated by an arrow B
in FIG. 1 between the magnet unit 8 and the lower por-
tion of the superconductor unit 5. When the supercon-
ductor unit 5 is brought into a superconducting state by
cooling, the magnetic fields penetrating into the unit 5
are captured at (pinned to) normally conductive portions
(pinning points) of the normal conductor particles in the
interior of the unit 5, and the rotatable bearing portion 4
is supported by this pinning effect with respect to the
axial and radial directions relative to the stationary bear-
ing portion 3.

[0008] In the permanent magnet units 7, 8 of the su-
perconductive magnetic bearing described above, the
permanent magnet bulks 10, 11 are circumferentially
uniform in magnetic field, but the boundaries between
adjacent magnet bulks 10, 11 are not uniform in mag-
netic field. The yokes 9 are used to diminish such cir-
cumferential unevenness of magnetic fields, and the
presence of the yokes 9 enables the permanent magnet
units 7, 8 to set up substantially uniform magnetic fields.
Accordingly, the magnetic fields remain unaltered to
produce no resistance to rotation despite the rotation of
the magnet units 7, 8 with the rotatable portion 2. The
circumferentially uniform magnetic fields are captured
at the pinning points of the superconductor unit 5 as de-
scribed above.

[0009] On the other hand, the superconductor unit 5
has the problem that since the unit 5 is divided into a
plurality of superconductor bulks 6 as arranged circum-
ferentially thereof, the magnetic fields set up by the unit
5 are uneven with respect to the circumferential direc-
tion.

[0010] A description will be given of the superconduc-
tor bulks 6 wherein the magnetic fields provided by the
permanent magnet units 7, 8 are captured. As shown in
FIG. 2, the magnetic field is captured at a large number
of pinning points 12 in each superconductor bulk 6, and
a shielding current indicated by an arrow C flows around
the point 12. The magnetic field set up by this shielding
current becomes a magnetic field captured by the bulk
6. Inside the bulk 6, the pinning points 12 are uniformly
distributed with respect to the circumferential direction,
so that the magnetic fields captured are uniform. At the
portion of boundary between adjacent superconductor
bulks 6, the distribution of pinning points 12 is uneven,
and the magnetic fields are also uneven. When this is
observed macroscopically, the shielding currents
around the pinning points 12 which are uniformly distrib-
uted offset one another, whereas at the boundary be-
tween superconductor bulks 6, the shielding currents
around the outermost pinning points 12 are not offset,
with the result that when the bulk 6 is observed in its
entirety, a shielding current flows as indicated in a bro-
ken line D in FIG. 2. Since such shielding current flows
through every bulk 8, the superconductor unit 5 be-
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comes uneven in magnetic field with respect to the cir-
cumferential direction. If the magnetic fields set up by
the unit 5 become circumferentially uneven, the perma-
nentmagnet units 7, 8 are subjected to varying magnetic
fields when rotating with the rotatable portion 2, produc-
ing eddy currents in the units 7, 8 and giving rise to a
rotation loss,

[0011] Eddy currents also occur in the yokes 9 owing
to the circumferential unevenness of magnetic fields in
the superconductor unit 5.

[0012] An object of the present invention is to over-
come the above problem and to provide a superconduc-
tive magnetic bearing which is diminished in the eddy
currents occurring in the permanent magnet units and
in the yokes due to the unevenness of magnetic fields
set up by the superconductor unit to ensure a reduced
rotation loss.

DISCLOSURE OF THE INVENTION

[0013] The present invention provides a supercon-
ductive magnetic bearing comprising a stationary bear-
ing portion having an annular superconductor unit pro-
vided on a fixed portion, and a rotatable bearing portion
having an annular permanent magnet unit provided on
a rotary portion so as to be opposed to the supercon-
ductor unit, the rotary portion being contactlessly sup-
ported relative to the fixed portion by the pinning effect
of a superconductor constituting the superconductor
unit, the superconductive magnetic bearing being char-
acterized in that the permanent magnet unit comprises
a plurality of permanent magnet members arranged in
superposed layers with an insulating layer provided be-
tween each adjacent pair of magnet members.

[0014] The permanent magnet members are ar-
ranged in superposed layers in at least one of the axial
direction and the radial direction.

[0015] For example, permanent magnet members
each in the form of a disk having a hole are arranged in
superposed layers axially of the bearing. For example,
permanent magnet members each in the form of a thin
hollow cylinder are arranged in superposed layers radi-
ally of the bearing. Further for example, a plurality of
annular permanent magnet members each having a
square or rectangular cross section are arranged in su-
perposed layers both axially and radially of the bearing.
[0016] Each permanent magnet member may be an
integral piece extending over the entire circumferential
direction or may comprise a plurality of circumferentially
divided circular-arc segments. Thus, the permanent
magnet members are arranged in superposed layers in
at least one of the axial direction, radial direction and
circumferential direction.

[0017] In the case where the superconductive mag-
netic bearing is of the radial type wherein the stationary
bearing portion and the rotatable bearing portion are op-
posed radially of the bearing, for example, a plurality of
permanent magnet members each in the form of a disk
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having a hole are arranged in superposed layers axially
of the bearing. Alternatively, a plurality of annular per-
manent magnet members are arranged in superposed
layers both axially and radially of the bearing.

[0018] In the case where the superconductive mag-
netic bearing is of the axial type wherein the stationary
bearing portion and the rotatable bearing portion are op-
posed axially of the bearing, for example, a plurality of
permanent magnet members each in the form of a thin
hollow cylinder are arranged in superposed layers radi-
ally of the bearing. Alternatively, a plurality of annular
permanent magnet members are arranged in super-
posed layers both axially and radially of the bearing.
[0019] With the superconductive magnetic bearing of
the invention, the permanent magnet unit comprises a
plurality of permanent magnet members arranged in su-
perposed layers with an insulating layer provided be-
tween each adjacent pair of magnet members, so that
even when the permanent magnet unit is subjected to
varying magnetic fields, the eddy currents to be pro-
duced in the magnet units diminish to ensure a reduced
rotation loss.

[0020] Accordingly, the superconductive magnetic
bearing of the invention can be diminished in the eddy
currents to be produced in the magnet unit to reduce the
rotation loss.

[0021] Preferably the superconductor unit continu-
ously extends over the entire circumferential direction,
whereas for the convenience of fabrication, the super-
conductor,unit usually comprises a plurality of circum-
ferentially divided superconductor bulks.

[0022] In the case where the superconductor unit
comprises a plurality of circumferentially divided super-
conductor bulks, the magnetic fields to be set up by the
superconductor units become uneven with respect to
the circumferential direction, with the result that the
magnetic unit is subjected to varying magnetic fields
when rotating with the rotary portion. With the supercon-
ductive magnetic bearing of the present invention, how-
ever, the permanent magnet unit comprises a plurality
of permanent magnet members arranged in superposed
layers with an insulating layer provided between each
adjacent pair of magnet members. This construction di-
minishes the eddy currents to be produced in the mag-
net unit and also reduces the rotation loss due to the
eddy currents.

[0023] Thus, the construction described above dimin-
ishes the eddy currents to be produced in the permanent
magnet unit due to the unevenness of the magnetic
fields to be set up by the superconductor unit to reduce
the rotation loss that would otherwise result.

[0024] For example, the rotatable bearing portion
comprises the annular permanent magnet unit and an
annular yoke adjacent to the permanent magnet unit
and opposed to the superconductor unit, the yoke com-
prising a plurality of yoke members made of a magnetic
material and arranged in superposed layers with an in-
sulating layer interposed between each adjacent pair of
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yoke members.

[0025] For example, a silicon steel sheet is used as
the magnetic material for the yoke members.

[0026] In the case of a superconductive magnetic
bearing of the radial type, for example, yoke members
each in the form of a disk having a hole are arranged in
superposed layers axially of the bearing. In the case of
a superconductive magnetic bearing of the axial type,
for example, yoke members each in the form of a thin
hollow cylinder are arranged in superposed layers radi-
ally of the bearing.

[0027] The rotatable bearing portion has at least one
permanent magnet unit.

[0028] Inthe case where one permanent magnet unit
is provided, the yoke is provided preferably at each of
two locations on opposite sides of the magnet unit.
[0029] Preferably, the rotatable bearing portion has a
plurality of permanent magnet units. More preferably,
two permanent magnet units are provided. In the case
where the rotatable bearing unit has two magnet units,
the yoke is disposed preferably at three locations, i.e.,
between the two magnet units and on opposite sides of
the magnet unit arrangement.

[0030] In the case of the superconductive magnetic
bearing of the radial type, for example, two permanent
magnet units are arranged axially of the bearing, and
the yoke is positioned at three locations, i.e., between
these magnet units and on axial opposite sides of the
magnet unit arrangement.

[0031] In the case of the superconductive magnetic
bearing of the axial type, for example, two permanent
magnet units are arranged radially of the bearing, and
the yoke is positioned at three locations, i.e., between
these magnet units and on radial opposite sides of the
magnet unit arrangement.

[0032] The yoke comprises yoke members as ar-
ranged in superposed layers in at least one of the axial
direction and radial direction, preferably in many direc-
tions if structurally possible.

[0033] Whenthe yokes are subjected to varying mag-
netic fields while rotating with the rotary portion, eddy
currents are produced also on the yokes, whereas if the
yokes each comprise yoke members of magnetic mate-
rial as arranged in superposed layers with an insulating
layer provided between each adjacent pair of yoke
members, the eddy currents to be produced on the
yokes diminish to reduce the rotation loss to be other-
wise produced by the eddy currents.

[0034] Thus, the construction described above dimin-
ishes the eddy currents to be produced inthe permanent
magnet units and in the yokes due to the unevenness
of the magnetic fields to be set up by the superconductor
unit to reduce the rotation loss.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0035]

FIG. 1 is a view in vertical section schematically
showing an example of conventional superconduc-
tive magnetic bearing of the radial type. FIG. 2 is a
perspective view showing the portion of a supercon-
ductor unitin FIG. 1. FIG. 3 is a view in vertical sec-
tion of a superconductive magnetic bearing of the
radial type to show a first embodiment of the inven-
tion. FIG. 4 is a fragmentary perspective view partly
broken away and showing a rotatable bearing por-
tion of FIG. 1. FIG. 5 is a fragmentary exploded per-
spective view partly broken away and showing the
rotatable bearing portion of FIG. 1. FIG. 6 is a frag-
mentary perspective view partly broken away and
showing a modification of a permanent magnet unit
included in the first embodiment. FIG. 7 is a view in
vertical section of a superconductive magnetic
bearing of the axial type to show a second embod-
iment of the invention. FIG. 8 is a fragmentary per-
spective view partly broken away and showing a ro-
tatable bearing portion of FIG. 7. FIG. 9 is a frag-
mentary exploded perspective view partly broken
away and showing the rotatable bearing portion of
FIG. 7.

BEST MODE OF CARRYING OUT THE INVENTION

[0036] Two embodiments of the invention will be de-
scribed below with reference to FIGS. 310 9.

[0037] FIGS. 3 to 5 show a first embodiment.

[0038] FIG. 3 shows a superconductive magnetic
bearing 22 of the radial type wherein a rotatable body
21 which is a portion rotatable relative to a stationary
portion 20 is contactlessly supported. The superconduc-
tive magnetic bearing 22 comprises a stationary bearing
portion 23 provided on the stationary portion 20, and a
rotatable bearing portion 24 provided on the rotatable
body 21.

[0039] The stationary portion 20 has an annular cool-
ing tank 25 centered about a vertical axis of the station-
ary portion 20. The stationary bearing portion 23 is pro-
vided at an outer peripheral portion of the interior of the
tank 25.

[0040] The stationary bearing portion 23 comprises a
superconductor unit 26 in the form of a hollow cylinder
and fixed concentrically to the outer peripheral portion
of the interior of the tank 25. Although not shown in de-
tail, the superconductor unit 26 comprises a plurality of
circumferentially divided superconductive bulks 27.
Each of superconductor bulks 27 comprises a super-
conductor of the second kind having fine normally con-
ductive particles uniformly incorporated therein. Accord-
ing to the present embodiment, the superconductor
bulks 27 comprise yttrium-base superconductor, i.e., yt-
trium 123 (YBa,Cuz0-_,), having uniformly incorporated
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therein fine particles of a yttrium-base normal conductor,
i.e., yttrium 211 (Y,BaCu).

[0041] The tank 25 is connected to an unillustrated
suitable cooling device by a cooling fluid supply pipe 46
and a cooling fluid discharge pipe 47. A cooling fluid
comprising, for example, liquid nitrogen is circulated
through the tank 25 by the cooling device, and the su-
perconductor unit 26 is cooled by the cooling fluid filling
the tank 25.

[0042] The rotatable body 21 comprises a vertical
shaft portion 21a disposed above the stationary portion
20 concentrically therewith, a disk portion 21b fixed to
the lower end of the shaft portion 21a concentrically
therewith, and a hollow cylindrical support portion 21¢c
fixed to the lower side of the disk portion 21b concentri-
cally therewith. The rotatable bearing portion 24 is pro-
vided on the inner peripheral portion of the cylindrical
portion 21c.

[0043] The rotatable bearing portion 24 comprises
two hollow cylindrical permanent magnet units 28, 29
andthree hollow cylindrical yokes 30 which are opposed
to and positioned radially outwardly of the superconduc-
tor unit 26, and spaced therefrom by a small clearance.
The two magnet units 28, 29 are arranged side by side
axially of the unit 26 (in the upward or downward direc-
tion). The yokes 30 are arranged adjacent to the op-
posed lower and upper end faces of the upper and lower
permanent magnet units 28, 29, to the upper end face
of the upper magnet unit 28 and to the lower end face
of the lower magnet unit 29. Each of the magnet units
28, 29 have magnetic poles at the upper and lower ends
thereof, and the adjacent ends of the two magnet units
28, 29 have the same polarity. According to the present
embodiment, the upper magnet unit 28 has an N pole
at its upper end and an S pole at its lower end, and the
lower magnet unit 29 has an S pole at its upper end and
an N pole at its lower end.

[0044] The rotatable bearing portion 24 is shown in
detailin FIGS. 4 and 5. FIG. 4 is a fragmentary perspec-
tive view partly broken away and showing the rotatable
bearing portion 24. FIG. 5 is a fragmentary perspective
view partly broken away and showing the bearing por-
tion 24 as disassembled.

[0045] Each of the yokes 30 comprises a plurality of
yoke members 32 made of a magnetic material, each in
the form of a disk having a hole and arranged in super-
posed layers axially of the bearing with an insulating lay-
er 31 provided between each adjacent pair of yoke
members 32. Each of the yoke members 32 is an inte-
gral piece made, for example, of a silicon steel sheet
and extending over the entire circumference. The yoke
member 32 is provided with an insulating film formed
over each of its upper and lower surfaces to provide the
insulating layer 31.

[0046] Each permanent magnet unit 28 (29) compris-
es a plurality of permanent magnet members 35 (36)
each in the form of a disk having a hole and arranged
in superposed layers axially thereof with an insulating
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layer 33 (34) provided between each adj acent pair of
magnet members 35 (36). Each of the magnet members
35 (36) is provided with an insulating film formed over
each of its upper and lower surfaces to provide the in-
sulating layer 33 (34).

[0047] Each of the permanent magnet members 35,
36 may be an integral piece extending over the entire
circumferential direction or may comprise a plurality of
divided circular-arc segments which are arranged in the
circumferential direction. According to the present em-
bodiment, the permanent magnet member 35 (36) com-
prises a plurality of circumferentially divided circular-arc
segments 35a (36a).

[0048] With reference to FIG. 5, the upper permanent
magnet unit 28 comprises a plurality of circumferentially
divided segmental cylindrical blocks 37. Each of the
blocks 37 comprises a plurality of circular-arc segments
35a arranged in superposed layers in the axial direction.
Each circular-arc segment 35a is, for example, about
0.5 mm in thickness in the upward or downward direc-
tion. The circular-arc segment 35a has an insulating film
formed over each of its upper and lower surfaces to pro-
vide the insulating layer 33. The circular-arc segment
35a has magnetic poles at the respective upper and low-
er surfaces thereof, i.e., an N pole at the upper surface
and an S pole at the lower surface. When such circular-
arc segments 35a are arranged in superposed layers,
the block 37 has in its entirety an N pole at its upper end
and an S pole at its lower end. The permanent magnet
unit 28 is provided by arranging a plurality of blocks 37
in the circumferential direction between the upper and
lower yokes 30.

[0049] The lower permanent magnet unit 29 also
comprises a plurality of segmental cylindrical blocks 38
each comprising a plurality of circular-arc segments 36a
arranged in superposed layers in the axial direction. In
the case of the lower magnet unit 29, the circular-arc
segment 36a has an S pole at the upper surface and an
N pole at the lower surface, and the block 38 has in its
entirety an S pole at its upper end and an N pole at its
lower end. With the exception of these features, the low-
er magnet unit 29 is the same as the upper magnet unit
28.

[0050] With the superconductive magnetic bearing 22
described above, the magnetic fields set up by the per-
manent magnet units 28, 29 penetrate into the super-
conductor unit 26 when the unit is in the normal conduct-
ing state as in the environment of room temperature.
When the superconductor unit 26 in this state is brought
into a superconducting state by cooling, the magnetic
fields penetrating into superconductor unit 26 are cap-
tured at the pinning points in the interior of the unit 26,
and the rotatable bearing portion 24 is contactlessly
supported relative to the stationary bearing portion 23
with respect to the axial and radial directions by virtue
of this pinning effect.

[0051] Although the permanent magnet units 28, 29
are circumferentially divided into blocks 37, 38, the
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yokes 30 provided render the magnetic fields of the units
28, 29 substantially uniform with respect to the circum-
ferential direction. Accordingly, even if the magnet units
28, 29 rotate with the rotatable body 21, the magnetic
fields remain unaltered to produce no resistance to ro-
tation. The magnetic fields which are circumferentially
uniform are captured at the pinning points of the super-
conductor unit 26.

[0052] Since the superconductor unit 26 is circumfer-
entially divided into a plurality of superconductor bulks
27, the magnetic fields set up by the unit 26 become
circumferentially uneven as previously described, and
when the rotatable bearing portion 24 rotates with the
rotatable body 21, the permanent magnet units 28, 29
and the yokes 30 are subjected to changes in magnetic
fields. However, because the permanent magnet units
28, 29 comprise permanent magnet members 35, 36 ar-
ranged in superposed layers along with intervening in-
sulating layers 33, 34 and further because the yokes 30
also comprise yoke members 32 which are arranged in
superposed layers along with insulating layers 31, the
eddy currents to be produced in the magnet units 28, 29
and yokes 30 diminish to reduce the resulting rotational
loss.

[0053] FIG. 6 shows a modification of the permanent
magnet unit of the first embodiment.

[0054] The permanent magnet unit 40 shown com-
prises a plurality of annular permanent magnet mem-
bers 41 having a square or rectangular cross section
and arranged in superposed layers in both the axial and
radial directions with an insulating layer 42 interposed
between each adjacent pair of magnet members.
[0055] Each permanent magnet member 41 in this
case may be an integral piece extending over the entire
circumferential direction or may comprise a plurality of
circumferentially divided circular-arc segments.

[0056] FIGS. 7 to 9 show a second embodiment.
[0057] FIG. 7 shows a superconductive magnetic
bearing 52 of the axial type wherein a rotatable body 51
which is a portion rotatable relative to a stationary por-
tion 50 is contactlessly supported. The superconductive
magnetic bearing 52 comprises a stationary bearing
portion 53 provided on the stationary portion 50, and a
rotatable bearing portion 54 provided on the rotatable
body 51.

[0058] The stationary portion 50 has a flat annular
cooling tank 55 centered about a vertical axis of the sta-
tionary portion 50. The stationary bearing portion 53 is
provided at an upper end portion of the interior of the
tank 55.

[0059] The stationary bearing portion 53 comprises a
superconductor unit 56 in the form of a relatively thick
disk having a hole and fixed to the upper end portion
within the tank 55 concentrically therewith. Although not
shown in detail, the superconductor unit 56 comprises
a plurality of circumferentially divided superconductor
bulks 57. As in the case of the first embodiment, the su-
perconductor bulks 57 comprise a superconductor of
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the second kind.

[0060] The tank 55 is connected to an unillustrated
suitable cooling device by a cooling fluid supply pipe 48
and a cooling fluid discharge pipe 49 for cooling the su-
perconductor unit 56 in the same manner as in the first
embodiment.

[0061] The rotatable body 51 comprises a vertical
shaft portion 51a disposed above the stationary portion
50 concentrically therewith, and a support disk portion
51b fixed to the lower end of the shaft portion 51a con-
centrically therewith. The rotatable bearing portion 54 is
provided around the disk portion 51b.

[0062] The rotatable bearing portion 54 comprises
two permanent magnet units 58, 59 and three yokes 60
which are arranged as opposed to the superconductor
unit 56 on the axial upper side thereof and spaced from
the unit 56 by a small clearance. The two magnet units
58, 59 are arranged radially of the rotatable body 51 con-
centrically therewith. The yokes 60 are arranged adja-
cent to the opposed outer and inner peripheries of the
respective inner and outer magnet units 58, 59, to the
inner periphery of the inner magnet unit 58 and to the
outer periphery of the outer magnet unit 59. The magnet
units 58, 59 have magnetic poles on the inner and outer
peripheral surfaces thereof, and the adjacent peripheral
surfaces of the two unit 58, 59 have the same polarity.
With the present embodiment, the inner magnet unit 58
has an N pole on the inner peripheral surface thereof
and an S pole on the outer peripheral surface thereof,
and the outer magnet unit 59 has an S pole on the inner
peripheral surface and an N pole on the outer peripheral
surface.

[0063] The rotatable bearing portion 54 is shown in
detail in FIGS. 8 and 9. FIG. 8 is a fragmentary perspec-
tive view partly broken away and showing the rotatable
bearing portion 54, and FIG. 9 is a fragmentary perspec-
tive view partly broken away and showing the rotatable
bearing portion 54 as disassembled.

[0064] Each of the yokes 60 comprises a plurality of
yoke members 62 made of a magnetic material, each in
the form of a hollow cylinder and arranged in super-
posed layers radially thereof with an insulating layer 61
provided between each adjacent pair of yoke members
62. Each of the yoke members 62 is an integral piece
made, for example, of a silicon steel sheet and extend-
ing over the entire circumference. The yoke member 62
is provided with an insulating film formed over each of
its inner and outer surfaces to provide the insulating lay-
ere6t.

[0065] Each permanent magnet unit 58 (59) compris-
es a plurality of permanent magnet members 65 (66)
each in the form of a hollow cylinder and arranged in
superposed layers radially thereof with an insulating lay-
er 63 (64) provided between each adjacent pair of mag-
net members 65 (66). Each of the magnet members 65
(66) is provided with an insulating film formed over each
of its inner and outer surfaces to provide the insulating
layer 63 (64).
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[0066] Each of the permanent magnet members 65,
66 may be an integral piece extending over the entire
circumferential direction or may comprise a plurality of
divided circular-arc segments which are arranged in the
circumferential direction. According to the present em-
bodiment, the permanent magnet member 65 (66) com-
prises a plurality of circumferentially divided circular-arc
segments 65a (66a).

[0067] With reference to FIG. 9, the inner permanent
magnet unit 58 comprises a plurality of circumferentially
divided segmental cylindrical blocks 67. Each of the
blocks 67 comprises a plurality of circular-arc segments
65a arranged in superposed layers in the radial direc-
tion. Each circular-arc segment 65a is, for example,
about 0.5 mm in thickness in the inward or outward di-
rection. The circular-arc segment 65a has an insulating
film formed over each of its inner and outer surfaces to
providethe insulating layer 63. The circular-arc segment
65a has magnetic poles on the respective inner and out-
er surfaces thereof, i.e., an N pole on the inner surface
and an S pole at the outer surface. When such circular-
arc segments 65a are arranged in superposed layers,
the block 67 has in its entirety an N pole at its inner sur-
face and an S pole at its outer surface. The permanent
magnet unit 58 is provided by arranging a plurality of
blocks 67 in the circumferential direction between the
inner and outer yokes 60.

[0068] The outerpermanent magnet unit59 also com-
prises a plurality of segmental cylindrical blocks 68 each
comprising a plurality of circular-arc segments 66a ar-
ranged in superposed layers in the radial direction. In
the case of the outer magnet unit 59, the circular-arc
segment 66a has an S pole at the inner surface and an
N pole at the outer surface, and the block 68 has in its
entirety an S pole at its inner end and an N pole at its
outer end. With the exception of these features, the out-
er magnet unit 59 is the same as the inner magnet unit
58.

[0069] A plurality of annular reinforcing members 69
are provided around the rotatable bearing portion 54
concentrically therewith for preventing the expansion of
the yoke members 62 and the permanent magnet mem-
bers 65, 66 due to the centrifugal force produced by
high-speed rotation and the resulting break of such
members 62, 65, 66. The reinforcing members 69 are
made, for example, from CFRP (carbon fiber reinforced
plastics).

[0070] Withthe superconductive magnetic bearing 52
described above, the magnetic fields set up by the per-
manent magnet units 58, 59 penetrate into the super-
conductor unit 56 when the unit 56 is in the normal con-
ducting state as in the environment of room tempera-
ture. When the superconductor unit 56 in this state is
brought into a superconducting state by cooling, the
magnetic fields penetrating into superconductor unit 56
are captured at the pinning points in the interior of the
unit 56, and the rotatable bearing portion 54 is contact-
lessly supported relative to the stationary bearing por-
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tion 53 with respect to the axial and radial directions by
virtue of this pinning effect.

[0071] Although the permanent magnet units 58, 59
are circumferentially divided into blocks 67, 68, the
yokes 60 provided render the magnetic fields of the units
58, 59 substantially uniform with respect to the circum-
ferential direction. Accordingly, even if the magnet units
58, 59 rotate with the rotatable body 51, the magnetic
fields remain unaltered to produce no resistance to ro-
tation. The magnetic fields which are circumferentially
uniform are captured at the pinning points of the super-
conductor unit 56.

[0072] Since the superconductor unit 56 is circumfer-
entially divided into a plurality of superconductor bulks
57, the magnetic fields set up by the unit 56 become
circumferentially uneven as previously described, and
when the rotatable bearing portion 54 rotates with the
rotatable body 51, the permanent magnet units 58, 59
and the yokes 60 are subjected to changes in magnetic
fields. However, because the permanent magnet units
58, 59 comprise permanent magnet members 65, 66 ar-
ranged in superposed layers along with intervening in-
sulating layers 63, 64 and further because the yokes 60
also comprise yoke members 62 which are arranged in
superposed layers along with insulating layers 61, the
eddy currents to be produced in the magnet units 58, 59
and yokes 60 diminish to reduce the resulting rotation
loss.

[0073] The permanent magnet unit 58, 59 of the sec-
ond embodiment may comprise a plurality of annular
permanent magnet members having a square or rectan-
gular cross section and arranged in superposed layers
in both the axial and radial directions with an insulating
layer interposed between each adjacent pair of magnet
members. Each permanent magnet memberinthis case
may be an integral piece extending over the entire cir-
cumferential direction or may comprise a plurality of cir-
cumferentially divided circular-arc segments.

INDUSTRIAL APPLICABILITY

[0074] As described above, the invention provides a
useful superconductive magnetic bearing for contact-
lessly supporting a rotatable portion relative to a station-
ary portion utilizing the pinning effect of a superconduc-
tor of the second kind. Eddy currents are diminished
which are produced in permanent magnet units and
yokes due to uneven magnetic fields to be set up by a
superconductor unit to reduce the rotation loss.

Claims

1. A superconductive magnetic bearing comprising a
stationary bearing portion having an annular super-
conductor unit provided on a fixed portion, and a
rotatable bearing portion having an annular perma-
nent magnet unit provided on a rotary portion so as
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to be opposedto the superconductor unit, the rotary
portion being contactlessly supported relative to the
fixed portion by the pinning effect of a superconduc-
tor constituting the superconductor unit,

the superconductive magnetic bearing being
characterized in that the permanent magnet unit
comprises a plurality of permanent magnet mem-
bers arranged in superposed layers with an insulat-
ing layer provided between each adjacent pair of
magnet members.

A superconductive magnetic bearing according to
claim 1 which is characterized in that the super-
conductor unit comprises a plurality of circumferen-
tially divided superconductor bulks.

A superconductive magnetic bearing according to
claim 1 or 2 which is characterized in that the ro-
tatable bearing portion comprises the annular per-
manent magnet unit and an annular yoke adjacent
to the permanent magnet unit and opposed to the
superconductor unit, the yoke comprising a plurality
of yoke members made of a magnetic material and
arranged in superposed layers with an insulating
layer interposed between each adjacent pair of
yoke members.
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Fig. 1
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Fig.2
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Fig.5
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Fig.6
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